TABLES

CONVERSION FACTORS
Temperature in degrees Celsius (°C) may be converted to degrees Farenheit (°F) as follows:°F = (1.8°C)+32 
VERTICAL DATUM
Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)-a geodetic datum derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.
Altitude: As used in this report, refers to distance above or below sea level or to local datum as indicated.
Transmissivity:
The standard unit for transmissivity is cubic foot per day per square foot times foot of aquifer thickness [(ft 3 /d)/ft 2 ]ft. In this report, the mathematically reduced form, foot squared per day (ft 2 /d), is used for convenience. The well numbers used by the U.S. Geological Survey in Arizona are in accordance with the Bureau of Land Management's system of land subdivision. The land survey in Arizona is based on the Gila and Salt River meridian and base line, which divide the State into four quadrants and are designated by capital letters A, B, C, and D in a counterclockwise direction beginning in the northeast quarter. The first digit of a well number indicates the township, the second the range, and the third the section in which the well is situated. The lowercase letters a, b, c, and d after the section number indicate the well location within the section. The first letter denotes a particular 160 -acre tract, the second the 40-acre tract and the third the 10-acre tract. These letters also are assigned in a counterclockwise direction beginning in the northeast quarter. If the location is known within the 10-acre tract, three lowercase letters are shown in the well number. Where more than one well is within a 10-acre tract, consecutive numbers beginning with 1 are added as suffixes. In the example shown, well number (A-04-07)08aba designates the well as being in the NE 1 /4,NW 1 /4, NE 1 /4, section 8, Township 4 North, and Range 7 East.
Correlation between the nine instantaneous discharge measurements made between January 1998 and August 1999 at the northern boundary and recorded discharge at the two streamflowgaging stations is high; correlation coefficients were greater than 0.99. Instantaneous inflows onto the reservation can be related to discharges at the Verde River below Bartlett Dam and the Verde River near Scottsdale using the equations: for discharges that range from 102 to 704 cubic feet per second at the northern boundary. The direction of ground-water flow is approximately parallel to the flow of the Verde River. Ground water has a minor component of flow into the river when the river stage is lower than about 5 feet above the local datum. There is a minor component of flow into the stream-channel deposits when the river stage is higher than about 5 feet above the local datum. Ground-water inflow to the reservation in the Verde River streamchannel deposits is about 1.1 cubic feet per second and is minor compared to the average annual streamflow of 675 cubic feet per second at the Verde River below Bartlett Dam on the basis of
INTRODUCTION
The Verde River, which flows north to south, has supplied water for mining, agricultural, and ranching water needs within the lower Verde Valley for the past century. The Fort McDowell Indian Reservation, in the southern part of the lower Verde Valley, also has relied on this resource for agricultural, recreational, and domestic water supplies. The river supports many types of aquatic life and maintains dense riparian vegetation on the adjacent flood plain that serves as habitat for many types of wildlife. Demand for river water has increased for both agricultural and domestic purposes in recent years. Water for agricultural use is diverted directly from the river and also is withdrawn from wells that are connected hydraulically to the river. The Verde River enters the reservation at its northern boundary and bisects the entire length of the reservation ( fig. 1) .
Increased agricultural and recreational activities and recent growth of population centers within the Verde River basin have led to concerns about the quality and quantity of water flowing onto the reservation. To address these concerns, the U.S. Geological Survey (USGS), in cooperation with the Fort McDowell Yavapai Nation, completed a study to determine the quality and quantity of surface water and ground water flowing onto the reservation at its northern boundary.
Purpose and Scope
This report presents (1) water-quality data for water flowing onto the Fort McDowell Indian reservation at its northern boundary, (2) estimates of surface-water inflow made on the basis of streamflow statistics and discharge-measurement data, and (3) estimates of ground-water inflow made on the basis of water-level gradients and stream-channel geometry. Samples of streamflow and shallow ground water entering the reservation were collected periodically between January 1998 and August 1999 and were analyzed for a variety of constituents including selected trace metals, pesticides, and volatile organic compounds (VOCs). Historic (1962 Historic ( to 1999 ) streamflow data at streamflow-gaging stations 09510000 (Verde River below Bartlett Dam) and 09511300 (Verde River near Scottsdale; fig. 1 ) were used to evaluate long-term estimates of flow onto the reservation. Discharge measurements were made near the northern boundary and were compared to measurements at gaging stations upstream (Verde River below Bartlett Dam) and downstream (Verde River near Scottsdale) from the reservation. Ground-water inflow was estimated on the basis of water-level gradients and an estimated cross sectional area of the stream-channel deposits. Waterlevel gradients were determined using a rectangular array of nine shallow drive-point wells installed near the boundary. The cross sectional area of the streamchannel deposits was estimated using the results of surface geophysical surveys at the northern boundary. 
Previous Investigations
McDonald and Padgett (1945) described the geology and ground-water resources of the Verde River Valley below Bartlett Dam to determine the adequacy of ground water from the alluvium beneath and adjacent the Verde River for municipal supply to the City of Phoenix. Wilson and others (1957) mapped the geology of the basin. The water resources of Sycamore Creek, a tributary of the Verde River on the east side of the Fort McDowell Indian Reservation, were studied by Thomsen and Dennis (1963) , Schumann (1967) , and Thomsen and Schumann (1968) . Maps showing ground-water conditions in the area have been published by Ross (1977) , Reeter and Remick (1986), and Hammett and Herther (1995 
GEOGRAPHIC AND HYDROLOGIC SETTING
The Fort McDowell Indian Reservation is 23 miles northeast of Phoenix in the lower Verde River Valley ( fig. 1) . The valley is a broad alluvial basin within the Basin and Range physiographic province (Fenneman, 1931) . Basins within this province are bounded by steep, fault-block mountains. The reservation lies on an alluvial plain that is almost completely surrounded by mountains composed primarily of granitic, metamorphic, and volcanic rocks (Reeter and Remick, 1986) .
The principle hydrologic feature of the valley is the Verde River. The river begins in the mountains of west-central Arizona and flows south to join the Salt River immediately south of the reservation. Discharge of the Verde River in the lower Verde Valley is controlled by discharge at Bartlett Dam. Discharge in water years 1998 and 1999 averaged 682 and 327 ft 3 /s, respectively, at the Verde River below Bartlett Dam about 9 mi upstream from the northern boundary of the reservation. Discharge averaged 681 and 303 ft 3 /s at the Verde River near Scottsdale, about 12.5 mi downstream from the northern boundary of the reservation during the same period (Tadayon and others, 1998, 1999) .
Ground-water development in the lower Verde River Valley has not been extensive and little is known about the hydrology of the area. Ground water occurs in the Verde River stream-channel deposits and underlying and adjacent basin-fill sediments. The stream-channel deposits at the northern boundary of the reservation have a lateral extent (width) of about 1,000 ft; the lateral extent is defined by the extent of the flood plain. Water-supply wells for the reservation and the City of Phoenix are completed in these deposits along the west bank of the river. Depth to ground water in the water-supply wells near the river is about 20 ft (Reeter and Remick, 1986) .
The basin fill consists of unconsolidated to consolidated sediments of Quaternary and late Tertiary age that are as much as several hundred feet thick (Wilson and others, 1957) . The Quaternary basinfill sediments consist of sand and gravel interbedded with clay and silt (Wilson and others, 1957) . The interbedded clay and silt units comprise layers that are inches to several hundreds of feet thick. Conglomerate of late Tertiary age underlies the unconsolidated Quaternary deposits at various depths. The unconsolidated basin fill and conglomerate generally are thinner near the McDowell and Mazatzal Mountains at the perimeter of the basin ( fig. 1 ) and thicken to several hundreds of feet near the Verde River at the center of the basin. The thickness of interbedded clay and silt layers also tends to increase toward the center of the basin. The basin-fill deposits unconformably overlie crystalline bedrock of Precambrian age.
METHODS OF INVESTIGATION
Because little hydrologic information on the northern boundary area was available, an investigative program was designed to develop information on surface-and ground-water quality, subsurface lithology, and relations among flows at the northern boundary and at nearby USGS gaging stations. This program included water and suspended-sediment sampling and analyses, streamflow measurements, surface geophysical surveys, and water-level monitoring.
Water-Sample Collection and Analysis
Surface-water samples were collected about 1,000 ft downstream from the northern boundary of the reservation ( fig. 2 ) six times between January 1998 and August 1999 and analyzed for major ions, selected metals, nutrients, and selected organic compounds. In this report, the term "metals" is used to denote metals and metalloids. These samples were collected using National Water-Quality Assessment (NAWQA) program protocols (Shelton, 1994) and the equalwidth-increment (EWI) method (Edwards and Glysson, 1988) . A DH-81 sampler ring was used with either a plastic or a teflon 1-L bottle attached to a shrinkwrapped wand. Once collected, the surface-water samples were composited using a churn splitter or, for organics analyses, a teflon cone splitter. Suspendedsediment samples were collected in separate bottles using the EWI method. Samples for major-ion, metal, and nutrient analyses were filtered using 0.45-micrometer membrane filters. Samples for cation and metal analyses were preserved with nitric acid. Plastic amber bottles were used to collect the filtered nutrient samples. Samples for volatile organic compound (VOC) analyses were collected in glass amber vials with air excluded and were preserved with ultra-pure hydrochloric acid. Samples for pesticide analyses were filtered through a 0.7-micrometer baked, glass-fiber filter and collected in baked, amber glass bottles. All tubing in contact with the sample was teflon with stainless steel fittings. Dissolved-oxygen concentration and temperature were measured at the same points in the cross sections at which the samples were collected. Specific conductance and pH were measured using aliquots of the composited samples. All surface-water samples were chilled after collection and sent within 24 hours to the USGS National WaterQuality Laboratory in Denver, Colorado, for analyses.
In January 1998, nine drive-point wells were installed in a three-by-three array in the flood plain on the west bank of the Verde River ( fig. 2 ). Depth to the water table is commonly less than 3 feet below land surface allowing for shallow drive-point well installations. Each drive-point well has a diameter of 2 in. and consists of a 2-ft galvanized or stainless-steel slotted screen at the bottom of a 3.5-ft section of galvanized pipe. Ground water was sampled five times from drive-point well NB5 ( fig. 2 ) from August 1998 to August 1999. Ground-water sampling protocols used are those defined for the NAWQA program (Koterba and others, 1995) . The ground-water samples were collected after at least three casing volumes of water were removed from the well using either a submersible pump or a peristaltic pump. Pumping was held constant at 0.5 to 1 gallon per minute. All sampling and filter equipment was rinsed thoroughly with water from the well before sample collection. Specific conductance, temperature, pH, turbidity, and dissolved-oxygen concentration were monitored in a flow-through chamber at 5-minute intervals. Water samples were collected when the field-determined properties and constituents had stabilized within the percentage deviation allowed over a 25-minute period (Koterba and others 1995, table 19) . Bicarbonate and carbonate concentrations were determined in the field by incremental titration of filtered samples with dilute sulfuric acid. The samples were filtered and preserved using the same protocols as described for the surfacewater samples. All ground-water samples were chilled as needed after collection and sent to the USGS National Water-Quality Laboratory in Colorado within 24 hours.
Results of the surface-water and ground-water sample analyses were compared to the Primary and Secondary-Drinking Water Regulations, Health Advisories, and the contaminant candidate list of the U.S. Environmental Protection Agency (USEPA) for a general assessment of water quality (USEPA, 1996) . Primary Drinking-Water Regulations include Maximum Contaminant Levels (MCLs) that are enforceable standards with accompanying treatment techniques if concentrations of certain constituents exceed action levels. Secondary Drinking-Water Regulations include Secondary Maximum Contaminant Levels (SMCLs) that are nonenforceable guidelines based on the aesthetic properties of drinking water. Health Advisories provide acceptably safe levels of exposures to contaminants in drinking water on the basis of documented health risks. Contaminant candidates are constituents that are being evaluated for possible future regulation by the USEPA. Data from surface-water samples also were compared to State of Arizona water-quality standards that are based on designated uses (Arizona Department of Environmental Quality, 1996) . For example, below Bartlett Dam, the Verde River is designated for full body contact, domestic water source, fish consumption, aquatic and wildlife, agricultural irrigation, and agricultural livestock watering. Each designated use has a specific standard for each constituent.
Inflow Estimates and Discharge Measurements
Streamflow in the Verde River is monitored continuously at the streamflow-gaging stations Verde River below Bartlett Dam and Verde River near Scottsdale, which are about 9 mi upstream and 12.5 mi downstream from the northern boundary of the reservation, respectively ( fig. 1) . Streamflow in Sycamore Creek, which flows into the Verde River 5.25 mi downstream from the northern boundary, also is continuously monitored at the gaging station Sycamore Creek near Fort McDowell. Comparisons of the average annual discharge and average daily discharge among the three gaging stations for a common period of record were made to determine similarities and differences and to provide long-term estimates of streamflow onto the reservation.
Inflow onto the reservation can be estimated using discharge at the Verde River below Bartlett Dam and at the Verde River near Scottsdale because these stations are on either side of the northern boundary, and minimal gains or losses to the river occur between the stations. Losses of water from the river can occur as a result of pumping of shallow wells completed in the stream-channel deposits and from diversions and evapotranspiration. Gains in streamflow are from overland flow and from tributaries within the middle and lower Verde River basin. The largest tributary in the basin is Sycamore Creek. Rainfall data from a rain gage near the study area (Stewart Mountain; fig. 1 ) were used to compare annual discharge variations to annual rainfall variations. Discharge was measured nine times between January 1998 and August 1999 at the surface-water quality sampling site using the conventional currentmeter method (Rantz and others, 1982) . These discharge measurements were adjusted for diversions immediately upstream from the measurement site ( fig. 1 ). The adjusted measurements were compared with measurements from the Verde River below Bartlett Dam and the Verde River near Scottsdale stations ( fig. 1 ) to derive an empirical relation between instantaneous inflow at the northern boundary and discharge at each of the stations.
Surficial Geophysical Surveys
The electrical properties of sands and gravels differ from those of silts, clays, and crystalline rocks. Crystalline rocks and dry alluvium in the arid Southwest have high electrical resistivities, commonly higher than 100 ohm•m. Resistivity values for saturated silts and clay typically range from 20 to 50 ohm•m; those of saturated sand and gravel are about 100 ohm•m. Therefore, electrical methods are used to detect changes in resistivity that are used to infer sediment type with depth.
In this investigation, surface electromagneticinduction (EM) and vertical-electrical soundings (VES) were used to obtain information about subsurface lithology and to determine the cross-sectional area of the stream-channel deposits. EM techniques measure the ability of Earth materials to conduct the flow of an electric current (electrical conductivity, the inverse of resistivity). The EM method is based on an induced magnetic field and measurement of the consequent electrical response of the subsurface materials. This investigation used two portable electronic magneticinduction tools-an EM31 and EM34-3-manufactured by GEONICS LIMITED. The tools include two coils; one coil transmits a primary magnetic field that induces current flow in the subsurface and creates a secondary magnetic field; the second coil measures the primary and secondary magnetic fields. Depth of investigation for these tools is related to the orientation of dipole and coil spacing (table 1) . The EM31 has a depth of investigation of about 10 to 20 ft; the EM34-3 has a depth of investigation that ranges from 25 to 200 ft (McNeill, 1980) . The coil spacing for the EM31 is fixed at 12.1 ft; coil spacings of 32.8, 65.6, and 131.2 ft can be selected with the EM34-3 instrument to allow for different depths of investigation. The coils can be placed in two orientations-horizontal (vertical dipole) and vertical (horizontal dipole)-at each spacing for a total of eight measurements from the two instruments. Soundings were made at 33 sites within the Verde River flood plain and at 3 sites on the terraced recent alluvium adjacent to the flood plain ( fig. 2 ) using multiple coil orientations and spacings for the soundings (table 1) ; the larger coil spacings and vertical dipoles provide information from greater depths. Data from the soundings were inversely modeled for subsurface electrical layers using commercially available EMIX 34 PLUS software (Interpex Limited, 1994) .
The VES uses a direct-current electrical field that flows between two electrodes inserted into the ground. The resulting potential field is measured using two other electrodes that are inserted in the ground colinear with the current electrodes. Resistivity is calculated using Ohm's law and a geometric factor that is based on electrode spacing. To conduct a vertical sounding, the spacing between electrodes is increased so that the resistivity of deeper materials can be measured. A VES results in several measurements of resistivity at successively greater electrode spacings. Two VESs were done for this study ( fig. 2 ) using spacings between distant electrodes that ranged from 2,625 to 3,937 ft. These spacings provided a depth of investigation of about 500 to 700 ft. 
Water-Level Monitoring
Water levels were monitored periodically at all drive-point wells installed for this study to determine the directions of ground-water flow. Water levels also were compared to the stage of the Verde River at a nearby staff gage ( fig. 2 ) to determine the hydraulic relation between ground water and surface water. Data are stored in the U.S. Geological Survey's GroundWater Site Inventory (GWSI) System database.
WATER QUALITY
The quality of the Verde River water entering the reservation at the northern boundary and of ground water in the shallow stream-channel deposits beneath the flood plain on the west bank of the river generally is good, and the water is suitable for most purposes. Five organic compounds were detected in the surface-water samples; however, concentrations of these compounds were below the MCLs. The presence of these organic compounds indicate that the water quality has been affected by anthropogenic activities. A table of all constituents and measured concentrations are included in the Basic Data section at the back of the report.
Surface Water
Six surface-water samples were collected between January 1998 and August 1999. Dissolved-oxygen concentrations were near 100 percent saturation in most of the samples and varied seasonally, ranging from 9.1 to 11.3 mg/L in the winter and spring and from 5.8 to 7.9 mg/L in the summer (table 2) . The concentration in only one sample (5.8 mg/L) was less than the minimum State of Arizona Water Quality Standard for "Aquatic and Wildlife warm water" (6.0 mg/L). Algae was observed along the banks and on submerged cobbles during most visits. E. coli and fecal coliform bacteria, indicators of the presence of animal waste products, were detected in August 1998 at 6 and 77 colonies per 100 mL of water, respectively (table 4 in the section entitled "Basic Data" at the back of the report). These concentrations are above the Federal drinking-water standards but below the State of Arizona Water Quality Standards for surface water (table 2) . Fecal streptococci, also an indicator of the presence of animal-waste products, was detected at concentrations that ranged from 11 to 80 colonies per 100 mL of water. Field values of pH varied from 8.3 to 8.6; one value (8.6) exceeded the SMCL of 8.5. 
Major Ions and Nutrients
Concentrations of regulated major ions in surfacewater samples were varied but generally low: most concentrations were well below all standards (table 2) . The surface water is a calcium magnesium bicarbonate type on the basis of the relative proportions of the major ions ( fig. 3 ).
Nutrient concentrations were very low. Nitrate concentrations did not exceed the detection limit of 0.05 mg/L, and phosphorus concentrations ranged from 0.03 to 0.011 mg/L.
Organic Compounds
Six VOCs were detected in surface-water samples; however, concentrations of these VOCs were low. Chloroform (0.007-0.009 µg/L), chloroethane (0.045 µg/L), methylchloride (0.098 µg/L), and 1,4-dichlorobenzene (0.022-0.073 µg/L) are chlorinated hydrocarbons that can be formed by the reaction of chlorine with naturally occurring organic matter. The other VOCs detected were toluene (0.009 µg/L), a petroleum product, and methyl tert-butyl ether (0.182 µg/L), a petroleum additive. The concentrations of these compounds were well below the minimum applicable State of Arizona Water Quality Standards for Surface Water and the USEPA MCLs (100 µg/L for total trihalomethanes, 5 µg/L for benzene compounds, and 180 µg/L for toluene compounds). Surface-water samples were analyzed for 87 pesticide compounds. Only one pesticide byproduct, carbondisulfide, was detected (0.008 µg/L). Concentrations of all organic compounds were below laboratory calibration standards; therefore, the concentrations are considered to be estimates. The presence of these organic compounds, however, indicates that the water has been affected by anthropogenic activities. 
Metals
Concentrations of all trace metals analyzed were below the minimum applicable State of Arizona Water Quality Standards for Surface Water and USEPA MCLs. Arsenic concentrations ranged from 10 to 13 µg/L (table 2). Although these arsenic concentrations were below the MCL in effect at the time of collection and analysis, on January 22, 2001, the USEPA set a new MCL of 10 µg/L (U.S. Environmental Protection Agency, accessed July 3, 2001). The source of arsenic in the samples is likely to be oxidized arsenic compounds that typically are found in basin-fill sediments in southern Arizona (Robertson, 1991) .
Suspended Sediment
Suspended sediment is not regulated but commonly is measured to estimate sediment loads carried in streams. Previous studies have shown that materials having large surface areas, such as suspended sediments, are the main sites for sorption of trace inorganic constituents (Horowitz and Elrick, 1987) . Suspended-sediment concentrations in this study ranged from 9 to 21 mg/L, (table 4 in the section entitled "Basic Data" at the back of the report). Daily suspended sediment load is estimated to range from 1.9 to 18 tons per day on the basis of sediment concentrations and flow rates of the Verde River. Suspended sediments were not analyzed for sorbed chemical constituents.
Ground Water
Five samples were collected from August 1998 to August 1999. There was no apparent seasonal variation of physical or chemical characteristics measured in the field. Dissolved-oxygen concentrations ranged from 0.7 to 2.1 mg/L (10 to 25 percent saturation; table 3). Bacteria counts for E. coli, total fecal coliform, and fecal streptococci were less than 1 colony per 100 mL of water. Values of pH varied from 7.2 to 7.4. Dissolved-solids concentrations were higher than those in the surface water and ranged from 328 to 372 mg/L but were below the USEPA SMCL of 500 mg/L. Specific conductance ranged from 566 to 654 µS/cm.
Major Ions and Nutrients
Overall, concentrations of major ions in ground water were similar to concentrations in surface water ( fig. 3 , tables 2-5). Concentrations of some constituents, however, such as chloride and sulfate, were slightly higher than concentrations of these ions in surface water but were still below the USEPA SMCLs. The ground water is a calcium magnesium bicarbonate type on the basis of the relative proportions of the major ions ( fig. 3) . Nutrient concentrations in the ground-water samples also were slightly higher than concentrations in the surface-water samples. The highest nitrogen concentration measured was only 0.55 mg/L in August 1999. Phosphorus concentrations ranged from 0.005 to 0.014 mg/L.
Organic Compounds
Only one VOC (1,4-dichlorobenzene) was detected in ground-water samples (table 5, in the section entitled "Basic Data" at the back of the report). 1,4-dichlorobenzene is a chlorinated hydrocarbon that can be formed by the reaction of chlorine with naturally occurring organic matter. The concentration of this compound was estimated at 0.066 µg/L, which is well below the USEPA MCL (100 µg/L) and below laboratory calibration standards. None of the 87 pesticide compounds and byproducts for which the samples were analyzed were detected.
Metals
Metal concentrations in ground-water samples were similar to those in surface-water samples. Concentrations of some constituents, however, such as arsenic, barium, and boron, were slightly lower in the ground-water samples. With the exception of iron and manganese, all metal concentrations were below the applicable USEPA MCLs or SMCLs (table 3). The highest levels of iron and manganese were detected in the samples collected in June and August 1999. This could be a result of a change in collection method and (or) because of oxidation of the metal pipe used in the drive-point well. In June 1999, the submersible pump could not be used for sample collection because the water level had dropped below a constriction in the drive-point well. In both June and August, therefore, samples from drive-point well NB5 were collected using a peristaltic pump and 1/4-inch silicone tubing.
Arsenic concentrations varied from 6 to 9 µg/L (table 3). Although these concentrations were below the MCL at the time of collection and analysis, they are near the new USEPA MCL of 10 µg/L (U.S. Environmental Protection Agency, accessed July 3, 2001). The source of arsenic likely is oxidized compounds that are typically found in basin-fill sediments (Robertson, 1991) .
SURFACE-WATER INFLOW Average Annual Inflow Estimates
Between 1962 and 1999, average annual discharge at the Verde River below Bartlett Dam streamflowgaging station averaged 667 ft 3 /s and ranged from 169 to 2,545 ft 3 /s ( fig. 4a) . At the Verde River near Scottsdale station, discharge averaged 651 ft 3 /s and ranged from 152 to 2,522 ft 3 /s over the same period. Although the difference between average annual discharge at these stations is 16 ft 3 /s, annual discharge at the Verde River below Bartlett Dam typically is about 30 ft 3 /s greater ( fig. 4b ). The greater annual discharge at the Verde River below Bartlett Dam results from removal of water from surface-water diversions, pumpage from shallow wells, evapotranspiration, and (or) movement of water into underlying aquifers between the gaging stations. Assuming the loss of flow between the stations is linear over the 21.5 river miles, the average loss is about 1.4 ft 3 /s per river mile. For some years, however, the annual average discharge at the Verde River near Scottsdale has been as much as 91 ft 3 /s higher than at Bartlett Dam ( fig. 4b ). Higher annual discharge at the Verde River near Scottsdale occurred during years of high precipitation ( fig. 4c ) in which overland runoff occurred and water was contributed by tributaries, such as Sycamore Creek, between these gages. For years in which rainfall is less than about 20 in. at the Stewart Mountain rain gage, average annual flow onto the reservation at the northern boundary is estimated to be about 13 ft 3 /s less than at the Verde River below Bartlett Dam or about 17.5 ft 3 /s more than at the Verde River near Scottsdale. This estimate is made under the assumption that the removal of water between the Verde River below Bartlett Dam and the Verde River near Scottsdale is a constant 1.4 ft 3 /s per river mile. During years in which rainfall is more than 20 in., the average annual flow onto the reservation is more difficult to estimate because of uncertainties related to inputs from overland flow and tributaries. 
Average Daily Inflow Estimates
Average daily discharge data from 1962 through 1999 show that discharges at the Verde River below Bartlett Dam and the Verde River near Scottsdale typically vary from December through April and are more stable from May through November (fig. 5a) . The large and often short-lived winter and spring discharges bias the calculated average value; therefore, the median of the average daily discharge is shown on figure 5b for comparison. The effect of the large, short-lived discharges become less apparent in the plot of the median value. The differences in the average daily discharge and the median of the average daily discharge between the two gages are shown in figures 5c and 5d, respectively. These differences are most variable and greatest from December through April ( fig. 5c ) and can be either positive (greater discharge at the Verde River below Bartlett Dam) or negative (greater discharge at the Verde River near Scottsdale). This large variation in discharge from December through April makes it difficult to predict inflow onto the reservation for this period on the basis of flow at these stations. Differences in the average daily discharges between the two stations are most consistent from May through November. The differences generally are positive, average about 32 ft 3 /s (a loss of 1.5 ft 3 /s per river mile), and typically are less than 75 ft 3 /s (a loss of 3.5 ft 3 /s per river mile). During the months of May through November, therefore, the average daily discharge onto the reservation, assuming a loss of water at a rate of 1.5 ft 3 /s per river mile, is estimated to be about 13.5 ft 3 /s less than that at the Verde River below Bartlett Dam or 18.7 ft 3 /s more than that at the Verde River near Scottsdale.
Instantaneous Inflow Estimates
Nine discharge measurements were made on the Verde River at the northern boundary between January 1998 and August 1999; discharge ranged from 78 to 677 ft 3 /s. The relation of measured discharge at the northern boundary to discharge at the Verde River below Bartlett Dam, the Verde River near Scottsdale, and Sycamore Creek near Fort McDowell is shown in figure 6 . Inflow onto the reservation was calculated by adding the discharge value for the northern boundary to the discharge value for a diversion canal upstream from the discharge measurement site. This diversion typically removes about 25 ft 3 /s from the river for the irrigation needs of the Fort McDowell Indian Community. Total inflow onto the reservation ranged from 102 to 704 ft 3 /s at the time the nine discharge measurements were made (fig. 6 ).
The amount of flow in the Verde River below Bartlett Dam is controlled primarily by releases at Bartlett Dam. Timing of variations in discharge at the Verde River below Bartlett Dam and the Verde River near Scottsdale stations was used to estimate travel times between these gages. For flows of about 800 ft 3 /s, travel times were about 7.5 hours; for flows less than 200 ft 3 /s, travel times increased to 13 hours. Discharge was measured at the northern boundary of the reservation at mile 9 of the 21.5-mi reach that separates the two gages. Slope of the stream channel between the Verde River below Bartlett Dam and the northern boundary is 10 ft/mi. Slope of the stream channel between the northern boundary and the Verde River near Scottsdale is 12.5 ft/mi. Travel time from the Verde River below Bartlett Dam station to the northern boundary is therefore estimated to be about half the travel time from the Bartlett Dam station to the Verde River near Scottsdale station. Discharges at the Verde River below Bartlett Dam and the Verde River near Scottsdale were adjusted for travel times before being compared with inflow at the northern boundary.
Inflow at the northern boundary has a strong correlation to the discharge at the Verde River below Bartlett Dam and to the discharge at the Verde River near Scottsdale. For example, inflows at the northern boundary that range from 102 to 704 ft 3 /s ( fig. 7a ) correlate with time-corresponding discharges at the Verde River below Bartlett Dam; the correlation coefficient (R 2 ) was 0.991. Instantaneous inflows at the northern boundary can be estimated using the equation: The correlation between flow at the northern boundary and flow at the Verde River below Bartlett increases when flows of less than 523 ft 3 /s at the northern boundary are considered ( fig. 7a) The correlation coefficient between inflow measurements and time-corresponding discharges at the Verde River near Scottsdale also is large (0.995; fig. 7b ). Inflows at the northern boundary can be estimated using the equation: These regression equations were developed using discharge measurements that ranged from 102 to 704 ft 3 /s at the northern boundary. Consequently, predictions for flows onto the reservation outside this range (102-704 ft 3 /s) may be less accurate.
GROUND-WATER INFLOW
Ground-water inflow at the northern boundary through the Verde River stream-channel deposits is minor compared to the flow of the Verde River onto the reservation. Ground-water inflow was estimated using water-level gradients between drive-point wells and the estimated thickness of the stream-channel deposits. Periodic water-level measurements made at all nine drive-point wells, combined with surface-water elevation surveys along the west bank of the Verde River, indicate that ground water flows south approximately parallel to the river ( fig. 8 ) at a gradient of about 0.006. Although flow is roughly parallel to the river, a small component of ground water flows into the river when the ground-water levels and river stage are relatively low-river stage of less than about 5 ft above local datum; in contrast, when ground-water levels and river stage are relatively high-river stage greater than 5 ft above local datum-water flows from the river into the stream-channel deposits. Water levels in the drivepoint wells respond to variations in river stage (fig. 9) ; however, the gradient between drive-point wells remains relatively consistent.
The thickness of the stream-channel deposits was estimated by using modeled EM and VES soundings along the flood plain of the river. A two-layer model was simulated; the upper layer represented streamchannel deposits and (or) recent alluvium and the lower layer represented the finer-grained basin-fill sediments. Results of the EM and VES models are shown in figures 10 and 11. The uppermost model layer representing the saturated stream-channel deposits has a resistivity that ranges from 68 to 455 ohm•m and averages 115 ohm•m ( fig. 10 and 11) . Sediments probably become finer with increasing distance from the river as indicated by decreasing resistivity values in the westward direction from the river. The most resistive sediments are south of the current stream channel in an abandoned channel that dates prior to 1993. Thickness of the saturated stream-channel deposits beneath the flood plain is estimated to range from 41 to 68 ft ( fig. 10 ) and averages about 54 ft. Trace of section (see fig. 11 Resistivity of the recent alluvium adjacent to the stream-channel deposits averages 64 ohm•m ( fig. 11 ). The lower model layer, which probably represents basin-fill deposits, has a resistivity that ranges from 6 to 12 ohm•m and averages about 9 ohm•m (fig 11) .
Although aquifer-test data are not available, hydraulic conductivity of the stream-channel deposits is estimated to be about 300 ft/d. This value is within the range of values derived from other studies of alluvial basins in southern Arizona (Anderson and others, 1992 )-200 to 400 ft/d for stream alluvium and 30 to 90 ft/d for basin-fill deposits. The saturated thickness of the stream-channel deposits averages about 54 ft ( fig. 11) . The saturated width of the streamchannel deposits is about 1,000 ft on the basis of the flood-plain geometry ( fig. 11) . Thus, the saturated cross-sectional area is about 54,000 ft 2 (average saturated thickness multiplied by saturated width).
The inflow of ground water onto the reservation through the stream-channel deposits was calculated using Darcy's Law to be about 97,200 ft 3 /d (1.1 ft 3 /s). , where Ground-water flow probably ultimately discharges into the Verde River. The average annual discharge in the Verde River is 675 ft 3 /s (Tadayon and others, 1999) on the basis of 111 years of record at the Verde River below Bartlett Dam. Flux of ground water to the river through the stream-channel deposits, therefore, is minor compared to the discharge of the river. 
SUMMARY
The Fort McDowell Yavapai Nation relies on the Verde River for agricultural, recreational, and domestic water supplies. The river is home to many types of aquatic life, and supports dense riparian vegetation on the adjacent flood plain, which serves as habitat for many types of wildlife. The demand for the river water for agricultural and domestic purposes has increased in recent years. Water for agricultural use is diverted directly from the river and also is withdrawn from wells that are connected hydraulically with the river. Increased agricultural and recreational activities and recent population growth within the Verde River basin have led to concerns about the quality and quantity of surface water and ground water flowing onto the reservation at its northern boundary. The Verde River enters the reservation at the northern boundary and bisects the reservation. This study determined the quality and quantity of surface and ground water flowing onto the reservation and developed an empirical relation to estimate flow onto the reservation on the basis of nearby continuous-recording streamflow-gaging stations.
The quality of surface water entering the reservation at the northern boundary through the Verde River is good, and the water is suitable for most uses. Dissolved-oxygen concentrations varied seasonally, ranging from 5.8 to 11.3 mg/L, and were near 100 percent saturation in most of the samples. The concentration in only one sample (5.8 mg/L) was less than the minimum State of Arizona Water Quality Standard for "Aquatic and Wildlife warm water" (6.0 mg/L). Algae was seen along the banks and on submerged cobbles. E. coli and fecal coliform bacteria, indicators of the presence of animal-waste products, were only detected once (August 1998) and were measured at 6 and 77 colonies per 100 mL of water, respectively. Fecal streptococci, also an indicator of animal-waste products, were detected at concentrations of 11 to 80 colonies per 100 mL of water. Field values of pH ranged from 8.3 to 8.6; one value (8.6) exceeded the SMCL of 8.5. Dissolved-solids concentrations and specific conductance values were low, ranging from 176 to 350 mg/L and from 313 to 613 µS/cm, respectively. Concentrations of major ions, nutrients, and metals were low. Arsenic concentrations ranged from 10 to 13 µg/L, which are equal to or higher than the January 22, 2001 USEPA MCL of 10 µg/L. Concentrations of suspended sediment were low. Six organic compounds were detected in the surface water, but concentrations of these compounds were below the MCLs. The presence of these organic compounds indicate that the quality of the water has been affected by anthropogenic activities.
The quality of ground water in the stream-channel deposits beneath the flood plain on the west bank of the Verde River also is good, and the water is suitable for most uses. Concentrations of dissolved solids, major ions, and metals generally were similar to those in samples from the river. Total coliform and fecal streptococci were not detected; dissolved-oxygen concentrations were 10-25 percent of saturation values; and nutrient concentrations were low. One organic compound was detected in the ground water at a concentration below the laboratory calibration standard. Arsenic concentrations ranged from 6 to 9 µg/L.
Surface-water inflow onto the reservation was estimated using discharge measurements at the northern boundary and data from gaging stations at the Verde River below Bartlett Dam and at the Verde River near Scottsdale. During years in which rainfall is less than 20 in., the average annual discharge onto the reservation is about 13 ft 3 /s lower than at the Verde River below Bartlett Dam or 17.5 ft 3 /s higher than at the Verde River near Scottsdale. During years of high rainfall (greater than 20 in.), discharge at the Verde River near Scottsdale typically is higher than at the Verde River below Bartlett Dam. Under these conditions, reliable estimates of inflow at the northern boundary could not be made. For the months of May through November, average daily discharge onto the reservation also is about 13 ft 3 /s lower than discharge at the Verde River below Bartlett Dam and 18.7 ft 3 /s higher than discharge at the Verde River near Scottsdale. Discharge onto the reservation for December through April is less predictable because of large variations between discharges at the Verde River below Bartlett Dam and the Verde River near Scottsdale.
Correlation between nine discharge measurements at the northern boundary and discharges at the two streamflow-gaging stations is high; correlation coefficients were between 0.991 and 0.995. Inflows onto the reservation can be estimated using discharges at the Verde River below Bartlett Dam and the Verde River near Scottsdale using the equations: Ground water flows onto the reservation approximately parallel to the flow of the Verde River. Ground water is a minor contributor to streamflow when the river stage is less than about 5 feet above the local datum. There is a minor component of flow from the river into the stream-channel deposits when the river stage is greater than about 5 feet above the local datum. Ground-water inflow onto the reservation through the Verde River stream-channel deposits is about 1.1 ft 3 /s and is relatively minor compared to the average annual discharge of 675 ft 3 /s in the Verde River. Tadayon, Saeid, Duet 1-21-1998 
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